Study objective: The aims of this study are to confirm the association between psychological distress and coronary heart disease (CHD) using an epidemiological community study with hospital admissions data and to examine if any association is explained by existing illness. Design: Prospective cohort study modelling the association between psychological distress, measured using the 30 item general health questionnaire (GHQ), and hospital admissions data for CHD , using proportional hazards modelling adjusted for sociodemographic, CHD risk factors, and angina, bronchitis, diabetes, ischaemia, and stroke. Setting: Two suburbs of Glasgow, Renfrew and Paisley, in Scotland. Participants: 6575 men and women aged 45-64 years from Paisley. Main results: Five year CHD risk in distressed men compared with non-distressed men was 1.78 (95% confidence intervals (CI), 1.15 to 2.75) in age adjusted analysis, 1.78 (95% CI, 1.14 to 2.79) with sociodemographic and CHD risk factor adjustment, and 1.61 (95% CI 1.02 to 2.55) with additional adjustment for existing illness. Psychological distress was unrelated to five year CHD risk in women. In further analysis, compared with healthy, non-distressed men, distressed physically ill men had a greater risk of CHD than non-distressed physically ill men, a relative risk of 4.01 (95% CI 2.42 to 6.66) compared with 2.12 (95% CI 1.35 to 3.32).
C oronary heart disease (CHD) risk factors do not entirely explain the risk of CHD events. 1 2 This has led to an examination of other putative CHD risk factors. Literature reviews have identified psychological distress, specifically depressive disorder, to be a significant and consistent predictor of CHD. [3] [4] [5] [6] [7] [8] [9] [10] [11] Many studies have showed that psychological distress is associated with increased risk of CHD. [12] [13] [14] [15] [16] [17] [18] [19] Psychological distress was associated with up to threefold increased risk of CHD in men that was sustained even after adjustment for CHD risk factors and other confounders. 1 12 20 However, the nature of psychological distress is unclear. It may be that psychological distress reflects some underlying, chronic illness that influences CHD risk, or that psychological distress is indicative of depressive illness that still confers risk in the absence of any underlying chronic condition. The nature of psychological distress was examined in the NHANES study. 21 Hopelessness, which correlated moderately with depression, was associated with an increased CHD risk in a dose dependent way even after adjustment for sociodemographic, CHD risk factors, and self reported health at baseline. Similarly, in the New Haven EPESE study 17 psychological distress was associated with incident CHD but only among women without impairment in physical functioning. While these studies suggest psychological distress as an independent predictor of CHD, further studies are required to understand the pathways between psychological distress, physical health, and CHD.
The aim of this study was to examine the association between psychological distress and CHD in men and women, hypothesising increased CHD risk in psychologically distressed compared with non-distressed respondents and to examine the influence of physical ill health in this association.
METHODS
The study population and instruments used in the initial clinical screening examination have been described previously. 22 23 Appropriate local research ethics committees approved the study protocol.
Sample
At baseline (1972-76) a total of 7052 men and 8354 women aged 45-64 took part in the study. Mortality in this cohort was tracked by the NHS central registry in Edinburgh (Scotland). Morbidity records relating to all hospitalisations for cohort members were collected by the information and statistics division of NHS Scotland. There was an 80% overall response rate.
Measurement of psychological distress
Psychological distress was measured using the 30 item GHQ. 24 The GHQ is a well established screening questionnaire for non-psychotic psychological distress. After the screening phase of the survey had been underway in Paisley for seven months, the GHQ was introduced to measure psychological distress in the Paisley sample. Thus, early participants in Paisley did not complete the GHQ. At baseline, GHQ data were collected from 8465 men and women, with a response rate of 99.8% of sample offered the GHQ. At baseline a threshold of 3/4 on the 30 item GHQ was selected to denote possible psychiatric caseness. Respondents scoring on 4 or more questions were considered to be cases. This threshold was based on the results of a validation study, which involved some participants from this study, carried out as a prelude to the MRC mild hypertension study. 25 Abbreviations: CHD, coronary heart disease; GHQ, general health questionnaire Coronary heart disease incidence CHD cases after baseline screening were identified from hospitalisation records of first diagnosis code acute admissions and coded on the basis of the International Classification of Disease, Ninth Revision (ICD 9) codes 410-414. After excluding 69 CHD cases that had occurred before baseline screening this yielded 818 CHD cases in the whole cohort. The 0-5 and 5-10 year CHD incidence was defined as those respondents admitted to hospital for CHD for the first time within 1825 and 1826-3650 days of baseline screening. Subsequent admissions for CHD were not counted as one case. The 5-10 year CHD incident cases did not include the 0-5 year CHD incident cases.
Statistical analyses
The association between baseline variables and GHQ status in men and women was analysed using x 2 tests for categorical variables and age adjusted analysis of variances for continuous variables. The proportional hazards assumption of a constant hazard ratio across follow up time was tested separately for men and women by including an interaction term between psychological distress and log follow up time that was not significant for men (p = 0.14) or women (p = 0.99). The associations between psychological distress and 0-5, 5-10 year CHD incidence were analysed using Cox's regression. The first model adjusted for age only, the second for sociodemographic (marital status (married, widowed, single, other) social class (high I, II, IIINM, IIIM IV, V low)) and CHD risk factors (systolic, diastolic blood pressure, smoking, cholesterol, blood sugar, BMI, and FEV 1 ), and the third model adjusted for all previous and baseline physical illness (angina, bronchitis, diabetes, ECG ischaemia, and stroke). The interrelation between psychological distress, physical illness, and five year CHD risk in men was assessed in two ways. Firstly, by including a psychological distress, physical illness interaction term in the full model that was not significant (p = 0.46). Secondly, by combining psychological distress and physical illness to create a four category variable (GHQ negative and healthy, GHQ positive but healthy, GHQ negative but ill, GHQ positive and ill). Each category's association with five year CHD risk was assessed in age and fully adjusted analyses. As there were missing data the analyses were on 6575 men and women with complete GHQ and CHD data. Table 1 shows the associations between covariates and GHQ caseness. Psychologically distressed women were of lower average age, and smoked more cigarettes on average compared with non-distressed women. Distressed men were more likely to be of lower socioeconomic position, specifically social class IV and V. Distressed women had lower mean SBP and FEV 1 values whereas distressed men had lower mean BMI and FEV 1 values compared with non-distressed men and women. Psychological distress in men and women was also strongly associated with physical illness, specifically with angina, bronchitis, and stroke (table 1) . Table 2 shows the associations between covariates and five year CHD incidence. Five year CHD incidence was associated with age and cigarette smoking in men. Men with incident (3) 28 (7) 387 (13) 112 (16) Single 195 (8) 39 (10) 400 (14) 67 (9) Other 25 (1) 6 (1) 61 (2) 26 (4) Mean (SD) of CHD risk factor Systolic BP, mmol/Hg 147 (21) 146 (23) 147 (24) 144 (24) (2) 4 (1) 27 (1) 10 (1) CHD within five years were on average older, and smoked more cigarettes compared with men without five year CHD. In women five year CHD incidence was associated with increasing age, social class IIIM and V, and widowhood. Among male and female respondents who had a CHD event within five years from baseline mean systolic and diastolic blood pressure was higher, mean cholesterol was higher in men, and mean blood sugar and BMI higher in women compared with men and women without five year CHD. In men and women five year CHD was associated with baseline angina, ECG ischaemia, stroke in men, and diabetes in women.
RESULTS
Multivariate analysis of psychological distress and CHD At 0-5 and 5-10 year follow up there were respectively 115 and 78 CHD events in men and 33 and 77 in women (table 3) . Psychological distress was associated with a 78% increased risk of five year CHD in men in age adjusted analysis. Adjustment for sociodemographic and CHD risk factors did not attenuate this risk. However, additional adjustment for baseline physical illness attenuated the risk a little but psychological distress was still associated with a 61% increased risk of incident CHD. There was no association between psychological distress and increased risk of 5-10 year CHD incidence in men. In fact baseline GHQ caseness was associated with a significantly reduced risk in the fully adjusted model. Furthermore, including a psychological distress, physical illness interaction term in the full model showed that the association between psychological distress and CHD did not differ between physically ill and nonphysically ill men (p = 0.46). Psychological distress was not associated with 0-5, or 5-10 year CHD incidence in women either in age or fully adjusted analyses.
To distinguish the risk of incident CHD in men with and without physical illness, further analysis examined the association between CHD incidence in the five years from baseline by baseline psychological distress and physical illness status (table 4) . Being GHQ positive but healthy was not associated with five year CHD incidence, either in age or fully adjusted analysis. However, being ill but GHQ negative was associated with a twofold increased risk of five year CHD in men in age adjusted analysis and a greater than twofold risk in fully adjusted analysis. Furthermore, being ill and GHQ positive was associated with fourfold increased risk of five year CHD in men in age adjusted analysis and an almost four and half times increased risk after full adjustment.
DISCUSSION
Psychological distress at baseline was associated with increased five year CHD incidence in men but not women in fully adjusted analysis. However, the association between psychological distress and five year CHD incidence in men was influenced by the presence of baseline physical illness. Psychological distress was associated with a greater five year CHD risk in distressed, physically ill men than non-distressed physically ill men. This study provides additional support for psychological distress as a significant predictor of CHD in middle aged men, 12 14 16 although not in women. It may be that the meaning of distress is qualitatively different for men than women or that women are readier to seek help for psychological distress from social networks to discuss and relieve its toxic effects. 26 Psychological distress may lead to poorer health behaviours, in men than women. Also, it may be that the lack of association is attributable to hormonal influences exerting a protective effect against CHD. The association between psychological distress and five year CHD seen in men may be mediated through smoking. 27 However, this is unlikely as psychological distress has also been found to predict CHD in non-smokers 19 and adjustment for smoking did not account for the increased risk.
Socioeconomic position may also explain the association between psychological distress and increased risk of CHD. It may be that the stresses of low socioeconomic position are associated with psychological distress, which may lead to the development of CHD. If so then the association between psychological distress and CHD should be less evident among those in higher socioeconomic position. However, Ford et al 14 found an association between psychological distress and CHD in American medical students-a group unlikely to be from a low socioeconomic background at the time the sample was selected. Thus, the effect of psychological distress on increased CHD risk seen in a sample where increased distress is not associated with low socioeconomic position is unlikely to be attributable to confounding by socioeconomic position, however imperfectly socioeconomic position is measured.
There is some evidence that depressed people have a poorer CHD risk factor profile. 28 If CHD risk factors are associated with psychological distress then they might be the link between psychological distress and CHD. However, evidence from this and other studies 25 29-31 do not support the link between psychological distress and CHD risk factors. Thus, the effect of psychological distress on CHD risk is unlikely to be mediated through CHD risk factors.
What about the role of physical illness? An increased risk of CHD associated with psychological distress was observed in respondents with physical ill health at baseline, for example, angina. It is not entirely clear, however, whether psychological distress is a marker of some underlying chronic physical condition, which increases risk, or a reflection of depressive illness, which despite its transient nature still confers risk. It may be that psychological distress is a consequence of baseline ill health. This may also explain psychological distress's association with five year rather than 10 year CHD risk, with the more vulnerable, physically ill experiencing an event earlier. In fact psychological distress was not associated with an increased five year CHD risk after excluding those who had an event in the first year of follow up suggesting that psychological distress is a consequence of baseline ill health. In this study there were associations between baseline psychological distress and angina, ECG ischaemia, and bronchitis in men and women. Thus the association may be explained by negative affectivity-the tendency of participants reporting symptoms of, for example, angina to also report more symptoms on the GHQ. 32 Results from some studies have been interpreted to suggest that the association between psychological distress and CHD is explained by adjustment for ill health 17 whereas other studies still find an increased CHD risk associated with psychological distress even after adjustment for ill health such as cancer, diabetes, stroke, and past CHD. 14 21 33 It is plausible that even after adjustment for ill health especially using self report measures there remains some residual confounding. Furthermore, some studies stratifying their analyses of psychological distress and CHD by physical illness still find an increased CHD risk associated with psychological distress in non-physically ill samples. 17 In this study though psychological distress was not associated with increased five year CHD risk in healthy men.
Rather than being an independent aetiological agent in CHD risk it may be that psychological distress has a moderating effect on the relation between physical ill health and CHD or is an indicator of the severity of underlying physical illness processes such as inflammation accelerating 35 associated with the pain and discomfort from physical illnesses like CHD, diabetes, and bronchitis. However, the GHQ measures depressive symptoms and depressive symptoms are not always present within vital exhaustion. 36 Secondly, the 30 item GHQ was derived from the 60 item GHQ precisely to avoid contamination by physical illness. Thirdly, the GHQ was designed specifically to screen for psychiatric disorder and its scores correlate with depression and clinical psychiatric disorder.
Through what mechanisms might psychological distress increase CHD risk? Psychological distress may be linked to CHD through, changed neuroendocrine function involving the hypothalmic-pituitary-adrenergic axis, blood platelet function, and heart rate variability. [37] [38] [39] If psychological distress is associated with CHD through psychophysiological mechanisms, the short term CHD risk found in this study may be more likely to reflect underlying processes such as susceptibility to arrhythmias, thrombogenesis, or inflammation. Although it is unclear what psychophysiological mechanism may mediate the distress-CHD relation some have suggested that the same psychophysiological mechanism might govern the relation in physically ill and healthy persons. 40 Others argue that although CHD risk associated with psychological distress is similar in physically ill and healthy people, this does not necessarily imply that the same mechanisms are operating to increase CHD risk in ill and healthy people. 41 Although a mechanism for the association between psychological distress and CHD risk remains to be identified both pathophysiological and social processes may provide the link between psychological distress and CHD risk.
Limitations
At baseline 44.7% of men and 55.3% of women completed the GHQ. The sample characteristics of participants who did the GHQ differed slightly from those who did not do the GHQ. Participants in Paisley who completed the GHQ compared with Renfrew participants who did not have the opportunity to do the GHQ were more likely to be women than men (56% compared with 44%) and non-manual than manual social class (60% compared with 40%). This may have introduced a sampling bias. The sociodemographic characteristics of GHQ respondents have been considered in another paper. 22 The 30 item GHQ is a screening rather than a diagnostic instrument and requires a second stage clinical interview using standardised psychiatric interview to be certain of identifying clinical psychiatric cases. Without such a second stage procedure it is possible that there is misclassification of cases. In particular, high scorers on the GHQ may include a number of false positives who score highly on the GHQ but do not fulfil the caseness criteria. An analysis without a strategy to compensate for such misclassification, such as this, risks under or over estimating the size of the association between psychological distress and CHD. Additionally, it is probable that psychological distress measured as GHQ caseness, may not all be attributable to mental illness, but may represent false positives indicating physical ill health and disability. Moreover, the 30 item GHQ is a non-specific screening instrument that does not distinguish between different types of common mental disorder, which may have differing associations with CHD risk. Except for the GHQ scoring highly in those with physical illness, these limitations would be likely to reduce the observed risk rather than increase it.
CONCLUSION
The association of psychological distress with increased short term CHD risk could be a function of baseline physical illness but an association between psychological distress and increased CHD risk in men, independent of physical illness cannot be ruled out. There was no evidence for an association between psychological distress and CHD risk in women. Psychological distress was also prognostically associated with CHD risk. Its presence among physically ill men greatly increased CHD risk. Future research should identify what physiological mechanisms underlie the association between of psychological distress and an increased CHD risk. Additionally, treatment of psychological distress in people who are physically ill may be an effective target for further reducing CHD risk. 
